Francisellosis is a bacterial disease with increasing economic impacts in the culture of tilapia and Atlantic cod since emerging in 1992. Two main strains -Francisella noatunensis subsp. orientalis (Fno) and F. noatunensis subsp. . Initially thought to be a Rickettsia-like organism 5, 6, 8 or Piscirickettsia-like organism 8, 9 , the pathogen was later confirmed as a g-Proteobacteria in the family The gross pathology is typified by visceral granulomatosis causing splenomegaly and renomegaly due to multiple whitish-tan nodules with similar lesions in liver, gills or muscle. The degree and range of organ involvement differ between species. In Atlantic cod, emaciation, haemorrhagic skin and heart nodules also occur while in tilapia, gills can have the nodules in addition to exopthalmia and skin haemorrhages and scale loss 7, 8 . Molecular testing based on the G1,L1 primers targeting the internal transcribed sequence (ITS) with Eub A and Eub B primers targeting 16S rRNA, followed by sequence homology analysis is able to differentiate Fno (in tilapia and three-line grunt) from Fnn (Altlantic cod and Atlantic salmon) 7, 18 . Of note, Fnn shows 99.3% and Fno shows 98.6% 16S rRNA similarity to F. philomiragia, but they are more genetically dissimilar to F. tularensis 7, 8, 16 . Cell culture isolation has been demonstrated for Fno using chinook salmon embryo (CHSE- 214 5 ) and tilapia ovary cells (TO) 9 . Similarly Fnn can be grown using salmon head kidney (SKK-1) and Atlantic salmon kidney (ASK) 8 . Serological testing using antiserum raised against
Fnn detects Fno as well, with F. philomiragia agglutinating slightly to the Fnn antiserum 7 but there was no cross reaction with monoclonal antibody against F. tularensis.
In terms of zoonotic risk, F. tularensis is a major environmental and tick or insect vector-borne human pathogen causing pneumonic tularemia 6, 19 , with F. tularensis subsp. tularensis being the most virulent strain and of biological weapon concern 6, 7 . Recently, tularemia in Turkey has been associated with beaver, muskrat and voles which infect surface waters suggesting that the aquatic environment is an important risk factor in its epidemiology 20, 21 . F. philomiragia is a rare disease and is associated with immune-compromised patients as in chronic granulomatous disease (CGD) and in near drowning events causing pneumonia or fever-bacteraemia 13, 15, 17 .
F. philomiragia has been isolated from brackish water in an area
where repeated tularemia cases occurred 19 . Therefore, it may be prudent to consider that zoonotic species of Francisella could be transmitted through the aquatic environment when dealing with aquatic environmental samples, including those from fish farms. To date, Fno and Fnn are considered to have negligible zoonotic risk as they cannot grow at 378C and for Fno in tilapia, there has been no documented case of human infection despite it being a major aquaculture product processed for human consumption 7, 8 . There are a number of key issues with piscine francisellosis:
Control of clinical infections of francisellosis in tilapia has
* improving the efficiency of definitive diagnosis to mitigate the inadvertent dissemination of infected carrier fish hosts. This will require veterinary pathologists and microbiologists to be up-todate regarding the case presentation of the disease. As a standard approach, fish with granulomatous disease should be subject to Francisella sp. exclusion, as part of the differential diagnoses.
* research into the epidemiology (in particular the diversity of reservoir host species) and virulent factors or genes of Fno and Fnn as part of the process for development of commercial vaccine products. This is important as warm water and cold water francisellosis are likely to present different scenarios in terms of disease management.
* finally, regarding the zoonotic risk of F. tularensis and F. philomiragia with these being isolated also from aquatic environments 15, 19 , bacteriological culture conditions to exclude these zoonotic Francisellae from fish samples is an important exercise. This will avoid inadvertent human infection from aquatic or aquaculture environments. 
